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V -~ PRESSURR DISTRIBUTIONS OVER THE NAOA 66,3—316 ARD

BAOA 23012 AIRFOILS WITH VARIOUS BALANCES
ON 0,280-.CHORD AILERONS
By ¥, Letko and H, @, Denacil

SUMMARY

Pressure—dlistribution tests of an NAOA 66,2-216,
a = 1,0, airfoll, equipped with a blunt—-nose-balance aileron
and a sealsed internal-balance aileron, and of an NACA 23012
airfoll, equlpped with a Frise aileron and a dblunt—nose-—
balence alleron, were made 1n the two-dimensional tast
soction of the LMAL stability tunnel. The tests were made
at various airspeeds corresponding to Mach numbers of ap-
proximately 0.20 to 0,47, The pressures were measured on
the upper and lower surface at the midepans of the main
airfoll and the alleron for several different alleron de-—
flections at several angles of attack,

The data are presented in the form of preesure-
distribution diagrams for the airfoll-alleron combinations
and for the aileron alone and as ocurves of section coeffi-
clents which were obtained by integration of the pressure-—
distribution diagrams of the airfoil-alleron combinations,

INTRODUCTION

The forms of alleron balances in current use have
given performance that was satisfactory according to pre-—
. vious airplane requirements, With. the development of
current combat alirplanes, however, large increases in the
speed and the wirng area of these airplanes, together with
the demand for high rolling velocities, have made it
necessary to balance almost completely the hinge moments
of allerons in order that the ailerons can be deflected
under all conditions of flight, This close balance,
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together with compressibility effects, has caused over-
balance of aillerons at high speeds on some existing ailer-
on installations. It has been considered desirable,
therefore, to reinspect certain of the currently used or
recently proposed balance arrangements from these consid-
eratlons. .

The NACA is thus undertaking a study of some of the
more promleing alleron forme at higher gspeeds than those
employed in previous developments. References 1 to 4
have reported the effect of speed on section hinge-moment
coefficlents and sectlion 1lift coefficlents of 0C.20~-chord
allerons equipped with bdlunt-nose and sealed intermal
balances on the NACA 66,2-216, a = 1.0, alrfoil and with
blunt-nose and Frise balances on the NACA 23012 ailrfoil.,
The present revort, which ie intended to euvplement the
information previously given, presents data primarily to
show the effect of speed on the pressure distribution over
the same wing and alleron combinations as presented in
references 1 to 4.

Pressure~digtribution diagrams have besa given at
Each numbers of approximately 0.20 and 0.47 for the con-
figuration of each aileron that 18 tellieved to be the
most practlical. Pressure-digtribution diagrams for the
alleron have been given to show the change in pressure
distrivuntion with changes of aileron confligurastion at a
Mach nunber of 0.36. Curves of the section coefficlents,
which were obtained by integration of the pressure-
distribution diagrams of the eirfoll-alleron combinations,
are given for the alrfoil-alleron combinations and for
the alleron alone.

SYMBOLS

The coefficients and symbols used in this report are
defined as follows:

Cn airfoil section normal-force coefflcie:t (é%)

cmc/4 airfoll section pitching-moment coefficient about
m
the quarter-chord point of the airfoll (rflé>

. qc
cn, =aileron section normal force coefficient (;%i)

cc, @alleron section chord-force coefficient (-5-3—

qcg



h
cp. @alleron asection hingsimememt coefficient (—5%9
a . . qca

P pressure coefficlent; .local static preasure minus
static pressure of the free stream divided by
dynamic pressure (Ordinate of pressure distri-
bution diagram)

P critical pressure coefficlent, that is, the preseure
coefflcient corresponding to the local velocilty
of sourd

where

n sectlion normal force

mc/4 sectlon pltching moment about the quarter-chord point
of alrfoll

ng aileron mection normal force

aileron section chord force (not including profile
drag)

b, alleron section hinge moment

. =
dynamic pressure ('21‘-97 )

v alr veloclty
P mags denslty of ailr
and

Qg angle of attack of alrfoll for infinite aapect ratio
8g aileron angle with respesct to ailrfoll

M Mach number
APPARATUS AND MODRL

Tests were made in the two-dimenslonal test section
of the stability tunnel. Air velocities up to 400 miles
per hour can be obtalned in thies test sectlon, which 1g
6 feet high and 2.5 feet wide. Filgure 1 is a photograph
of the test section with a model in place.



The models investigeted had NACA 66,2-216, a = 1.0,
and NACA 23012 airfoll sectiona of 2-foot chord. Tadle I
g€ives the airfoll ordinates. The main portion of the alr-
foll models was made of laminated mahozany. The ailerons
(fig. 2), of 0.20 chord and of true contour, were made of
steel. The nose pleces were made of wood on all but the
internal-balance aileron, on which a steel nose plece was
uged. The cover plates of the internal-balance aileron
woere made of 1/8-inch sheet steel that was rolled to the
alrfoil contour. The vent gap was varied by using cover
plates of different lengths. The seals used on the
internal~balance and dblunt-nose ailerons were made of im~
pregnated cotton fabric and extended completely acroas
the airfoill span. In order to prevent leakage at the
ends of the internal-balance aileron, the clearance be-
tween the ends of the baisnce end the walls waa kept at
a minimum and sealed with grsase.

The aileron was supprorted at the ends by ball bear-
ings housed in steel end plates attached to the eirfoil.
The alrfoil completely spanned the tuanel and was fixed
into circular end digks which were flush with the tunnel
wallas with about 1/8-1nch clearance betweer the alleron
and these end disks.

The engle of attack was changed by rotating the end
diske. Alleron angles were varied end set from outside
the tunnel. Pressure orifices were located on the center
lines of the airfolls and ailerons except when a gmall
amount of stagger wes necessary where the orifices were
closely spaced, as at the leadling edge of the airfoil and
alleron. The pressure dlatribution was recorded by photo-
graphing a multiple~-tube manometer.

TESTS

The pressure-diletribution tests reported herein were
made simultaneously with hinge-moment and 1ift tests for
all the model configurations reported in references 1 to
4; however, only those records believed to be the moat
useful are presented. :

Records were taken at alrspeeds corresponding to
Mach aumbers of approximately 0.20, 0.36, and 0.47; the
lowest Mach number corresponds to a Reynolds number of
2,800,000 and the highest to a Reynolds number of about




.6,700,000. Tigure 3 1s a plot ,of Reynolds pumber based
on standard atmospheric conditions against test Mach num-
ber. Tests were made at indicated angles of attack of
-6°, 09, 5%, and 10°., With the internal-balance alleron,
however, pressure-distribution records were taken only at
angles of attack of 0° and 10°. ZTFor each angle of attack,
records were taken at the indicated ailleron deflectilons
of 0°, #59, £10°, and £16°, The highest value of Mach
namber could not be attained at large angles of attack
with large alleron deflections because of limited tun-
nel power. ) :

PRECISION

Angles of attack were set to withinm *0.1° end aileron
angles, to within +0.3°. fThe indicated alleron angles,
wihich are given in the pressure~distribution diagrams, dif-
fer slightly from the actual amileron ansles because of a
small torslonal deflection between the aileron and aileron-
angle indicator; the alleron angles given in the plots of
aerodynamic coefficlients, however, bhave been corrected for
the torsional deflection.

Corrections for tunnel-wall effects were applied to
the section normal force, the section pitching~moment
coefficients, and the angle of attack. The corrections
epplled are:

cn =[2 -7 (1 + 28)] eyt

Cig /g (1 - 2pY) cmc/4' + % cn'!

o = (1 +7) aj!

3]
!

waere

8 B
(&
48 (;)
B = 0.304 (theoretical factor for NACA 66,2~316, a = 1.0
alrfoil)

T

0.337 (theoretical factor for NACA 23012 airfoil)

™
i

h height‘of tunnel

°n' measured normal-force coefficlent




G,'! uncorrected or geometric angle of attack
°m°/4' measured pitching-momeni coefficient
The values used are:
For the NACA 66,2-316 airfoil
6p = 0.963 cp!

= 0.986 o, ' + 0.005 cy

cmc/4

For the NAQCA 23012 airfoll

i

cn 0.966 Cn'

= . ! - 1
Cag/q = 0-989 og /' + 0.006 cg

For both airfoils

ey = 1.023 ao'

Although the effect of compressibllity on these correc—
tions has been neglected, this neglect 18 not belleved to
invalidate the conclusions given.

No corrections were applied to the section hinge-
moment coefficients, alleron section c¢hord-force coeffi-
clents, aileron gection normal-force coefficients, or the
pressure~distridution diagrams.

RESULTS AND DISCUSSION

Section Pressure Distribution

Pressure-distribution diagrams of the NACA 66,2~216,
a2 = 1,0, airfolil, eguipped with a blunt-nose-balance
aileron and a sealed internel-balance alleron and of the
NACA 23012 airfoil, equipped with a2 Frise alleron and a
blunt-nose-balance alleron are given in figures 4 to 7,
reaspectlvely. The pressure coefficlents in these dlagrams
have been plotted perpendicular to the chord line of the
alrfoll for all eileron deflections. These dlagrams,
walch are presented primarily to show the effect of increas-
ing the alrspeed on the pressure distribution, show that



the negative presasure coefficlents increased with incremse
of epeed, vxcept where the pressure coefficlentes were
greater than the oritical pressure coefficient or where
separation took place. The theorstical variation of the
critical pressure coefficient with Mach number, obtalned
from equation 6(ma) of reference 5, is given in figure 8.
Values of critical pressure coefficlent have been indicated
on the pressure-distribution diagrams for only the condltion
where the local speed of aound has been reached or exceeded.

The internal-balance aileron (fig. 6) was the only
aileron tested that had peak .pressures on the alleron that
were always lower than those on the wing portion of the
airfoll at all altitudes and aileron deflectione. This con~
dition 1s lmportant because, at low angles of attack, peak
pressures on the alleron may determine the critical speed
of the airfoil-aileron combination.

On the blunt-nose~balance ailerons, the peak pressure
over the balance nose generally did not increase with 1in-
croage in alrspeecd and in some cases decrezsed considermbly
(fige. 4 and 7). This phenomenon cen be atiriduted to
separation brought about by the projecting corners of the
balance. Because the characterlstic shape of the pressure-
distribution diagram over the alleron changed from approx-
imately trlangvlar to rectenguier when separation or stall
occurred, the hinge-moment coefficlents were greatly 1n-
creased.

The peak pressures at the nose of the Frige aileron
(fig. 6) were very high in the unetalled range of negative
alleron deflections and were usually higher than the peak
pressures on any of the other silerons tested. The flow
through the slot between the aileron and the wlng caused
wlde variationas of pressure over the upper surface of the
alleron forward of the hinge. No large peak preassures
were noted on the aileron at poslitive deflections.

In order to show the effect of changes in balance,
nose radii, and gep width on the pressure distribution of
the various airfoil-aileron combinations, figures 9 to 11l
have bean presented, which give only the pressure diatri-
bution of the amlileron portion of the airfoll for a Mach
number of 0.36.

At alleron angles other than neutral, the pressure
digtribution of the blunt-nose~balance allerons was con-
slderably changed becemnss of changes of the balance~nose




radii. (See fig. 9(a).) The balance nose of the allerons
projecting into the air stream caused separation 2t small
alleron angles. The unstalled range of the alleron was
increased consideradly by increasing the nose radiil from
0 to 0.02¢c. TFigure 9(b) shows that sealing the gap de-
crezges the peak pressure at the nose of the alleron and
algso eliminates the irregularities in the pressure ceuped
by flow through the gap.

Preasure~distribution diagrams of the sealed-internal-
balance alleron on the 66,2-216, & = 1.Q, airfoll with
three vent gaps are given in figure 10. Because there 1s
no flow across the balance of thig mileron, the location
of the ends of the ocover plates, which 1g defined by the
vent gap, determines the preassure aveilable for balance.
Increases in the vent gap generally reduced the pressure
differsnce acrose the balance.

The effect of variations of the nose radlus of the
Frise alleron is shown 1in figure 1l(a). At negative ai-
leron deflections the smallest rose redius, 0.0012¢, caused
the flow to separate at a small deflection. At &y = -10°,
the 0.0080c radius delayed the stall dbut more than doubled
the peak preasure; further increase of the radius to
0.0150¢c decreased the peak pressure. Varlations of the
radiil had consideradly lees effect at zero or posltive
ailleron deflectliona than at negative deflectlons.

Varlations in the pressure distribdbution caused by 1in-
creasing the vent gap from 0.0055¢ to 0.0100c with the
0.0080¢c noss recdius and by rounding the lower surface to
a radiug of 0.02¢c at the entrance of the slot, are shown
in figure 11(b). (For convenience, this radius of the
rounded wing block willl be designated lower—-surface radius
on the figures.) At negative alleron angles, as the flow
1s increased through the slot by increasing the vent gan
and rounding the wing block at the slot entrance, tkte peak
preseure ls decreased.

During the tests, the alleron deflectlon for a given
angle of attack at whlch the peak pressures reached s max-
Imum over the nose of the ¥rise aileron wae determined
and 48 given in table II. The highest peak pressure coef-
ficlents were obtalned at low Mech numbers and the ailleron
angle at which the pressure coefficient was maxlimum de-
creaged with increase of speed.




Section Loads and Homents

The section coefficlents for the various airfoll-
ailleron combinations, which are given in figures 123 to
15, were obtained from an integration of the pressure—
distribution diagrams given in figures 4 to 7, The
chord-~force coefficient of the alleron has been used in
calculating the pitching-—moment coefficlent of the air-
foll, although none of the dlagrams in which the pres—
sures yvere plotted parallel to the alleron chord have
been presented. Because the chord-force was svaluated
by integrating the pressure—distribution diagrams, the
magnitude of these forces will be in error by an amount
equal to the skin—friction forces, which have not been
included. '

Each alleron apparently stalled at some deflection
that depended on the geometry of the aileron, on the
angle of attack, and on the speed; &hd the curves of
loud and moment coefficients changed appreclably at the
stall, In every caso the unstalled range was decreased
with lncrease of speed. The slope of the curves of load
and nmoment coefflocients in tho unstalled range was gen—
arally increased with increase of espeed.

OONCLUSIONS

The resulte of the present investigation of prossure—
dictribntions over the HACA 66,2-316, & = 1,0, and HACA
23C12 airfoils vith various balances on 0.30 chord ailler-
ons indicats the following general conclusions:

l, Inoreasing the airspeed from a Mach number of
approximately 0.20 to 0.47 caused large changes in the
pressure distridbution over the sairfoil and aileron. The
negative preossure coefficients increased with lncrease
of spesd, except when the pressure coefficiont was
greater than the oritical pressure coefflecleat or when
separation occurred., The unetalled raunge of the ailerons
tested déoroased with increase of speed.

2. The unstalled range of tho Plunt—nose and Frise
ailerons was appreciably increased bty increasing the
radius of the nose of the balance. The highest peak
pressurces at the nose of the balance were obtained with
tho Frige ailleron.
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3¢ Sealing the gap of the blunt-nose~balance aller-—
ons decressed the peak pressure at the nose of the
aileron and oeliminated the irregularities in the preassurs
caused oy flow through the gap.

4, The internal-balarnce aileron was the only alleron
tested that had lower peak pressures on the aileron than
on the airfoil at all attitudes and deflections, This
condition is importent because at low angles of attaok
peak prasgsures on the alleron may Jdetormine the ecrit—
ical speed of the sirfoil-aileror combination,

Langley Hemoriel Aeronautical Leboratory,
¥ational Advisory Oommittee for Aeromautics,
Iangley Yield, Va,
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TABLE .I.—~ ORDIVATES OF AIRFOILS |
[Stations and ordinates in percent of airfoil chord];

1ACA 66,2-216, a = 1.0,airfoil HACA 23012 airfoil
Upper surface Lower surface Ordinates
Upper Lowver
Station Ordinste Station Ordinate Station surface surface
0 0 0 0 0 e 0
L0 1.230 599 -1.130 1.25 2.67 -1.23
640 1.484 .860 ~1.34Y4 2.5 3.61 -1.71
1.128 1.85¢ 1.372 ~1.644 5.0 ko1 -2.26
2.362 2.560 2.633 -2.188 7.5 5.3 ~2.61
4,846 3.604 5.154%  -2.972" 10 6437 -2.92
7.340 4 ung 7.660 ~3.55%0 15 7.19 ~3.50
9.833  5.140 10.162  -k,106 20 T.56° ~3.97
1h.8u5 6.276 15.155  -4,930 25 7.50 -l 28
19,860  7.156 20.140  -5.564 © 30 7.55 -4.46
2k, 879  7.844 25.181  -6.,05% 40 7-14 -l g
29.900 8.366 30.100 -6, 122 50 6.4 -4.17
34,924 8.736 35.076 ~6.676 69 B U7 -3.07
39.949  3.980 40.051  -6.833 70 4,36 ~3.00
bl o7k 9.092 45,026 ~6.902 20 3.08 -2.16
50.C00  9.060 50.000  ~6.854 90 1.68 -1.23
55.025 5.575 54975  ~6.68 95 .92 -.70
60.048  8.496 59.952  ~6.35 100 .13 -.13
65.067 7.862 64.033 ~5.802
70.081 6.941 69.919  -k.997
75.087 5.860 74.913  -4,070 L.E. radiug: 1.58
£0.08 Lokl 79.915 -3,052 Slope or ruiius through end
85.075  3.395 84,925  ~2.049 of chord: 0.305
90.055 2.103 89.945 ~1.069
95.028 .913 94,972 -.281
100.000 O 100,000 0O

L.E. radius: 1.575

T
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TABLE II,.- MAXIHUM PEAK PRESSURE COBFFICIENTS AT NOSE
O0F FRISE ALILERON

[Hose radius = 0.,008¢c; vent gap = 0,0055¢]

Qo 6o Haximum peak M
(deg) (deg) pressure coefficient
—5.1 -14,0 —3 .3 0,197
0 -15,3 -4,5 ‘ «196
0 —-10.8 —-3.1 ‘ « 472
5.1 ~15,3 -4,9 « 196
5.1 . -12,0 —3Z .4 .454
10.2 -17,0 —5.4 » 196

10.2 "’11.3 _3.7 .‘-‘!-'4-‘4




Figure 1.- Airfoil and aileron mounted in

tunnel.
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.0055¢ gap Fig. 2
.02c R '

.35¢,R | oy Hinge axis

VL ooree - -

02cR ¢,=.20c -

() Blunt-nose-bolonce aileror on the
NACA 66,_R-2/6,0=/.0 airfoil.

15°beve/ .0055¢ vent gop

(b) Sealed-internal-bolonce cilerorn on
the NACA E6,20-2/16 oirfoil.

_§ —0055¢ vent gap

(c) Frise oilerorn on the
NACA 230/2 airfoil.

02cR e — = .20C —— - ~ -

(d) Blunt-nose-balance aileron on
the NACA 23012 cirfoil.

F/ezib/el seo/

Figure ©€.— Sketch of ailerons. All oilerons are of true
contour. ¢ = R24.00inches.
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re distribution of the NACA66,2-2/6air/oil with a 0.20c gileron having

-n0se balarnce of A35¢, and 0.02¢ bakrnceriose radil.
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Figure 6.— Fressure distribution of the NACA 23012 oirfoil wit/) a 0.20c
oileron having a Frise type balance of 0.35¢, and a 0.008¢ rose radius.
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